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I . Introduction 


An  instiTJinent  that  can  resolve  the  instantaneous  motion  at  a 
point  into  components,  or  eqviivalent3.y,  indicate  the  vector  direction  and 
magnitude  of  the  instantaneous  wind  is  of  great  utility  in  the  study  of 
the  details  of  the  stractui-e  of  turbulent  motion  in  the  atmosphei-e  and 
ocean.  Time  constants  sho\ild  be  sufficiently  short  to  permit  the  re- 
solution of  at  least  the  significant  range  of  turbulent  eddies  (inoue  195^) • 
Instruments  of  fnis  type  have  their  greatest  utility,  apart  from 
estiiuates  of  the  statistical  properties  of  the  turbulent  velocity  field, 
in  studies  of  the  vertical  flioc  of  heat,  moisture,  or  momentum.  These 
are  obtained  tlirough  the  relation 

F = pw$ 

where  F is  the  vertical  flux  of  the  intensive  property  Q,  w tl'c 
instantaneous  vertical  component  of  the  wind  velocity,  and  the  bar  in- 
dicates averaging  over  a period  of  time  sufficiently  great  to  assure 
representation  of  significant  eddy  sizes  (Svinbank,  1951;  MacCready, 

1955b). 

Tv?o  types  of  instrument  have  previously  emerged  that  at  least 
partially  the  requirements  of  rapid  response  and  vector  resolu- 

tion. One  is  based  on  th.e  use  of  the  bi-directional  vane  (Mazzarella, 

1952.;  Gill,  i95‘rb)  to  dete-ordne  the  direction  of  the  flow  and  a fast  re- 
sponse a.'iemori!eter  of  some  type  (Parson  and  Bunlier,  1952;  Gill,  1954a). 
Velocity  components  are  obtained  by  appropriate  trigonometric  calcula- 
tioiis.  Tliis  tjTpe  of  instrument  tends  to  be  hampered  by  the  rather  com- 
plex response  of  the  bivane  system. 
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The  other  type  in  use  icnkeo  use  of  geonietrlc  combinations  of  hot 
wire  typo  instruments  to  determine  both  direction  and  velocity.  (Shiotani, 
1950j  SwinbaiiJi,  1951-i  MacCready,  1953a)-  This  ty^je  has  the  advantage 
of  excellent  speed  of  response,  but  it  is  somewhat  difficult  to  make  the 
indications  of  the  instrument  independent  of  atmospheric  ten^erature. 

Nearly  all  of  these  systems  suffer  from  the  basic  non-iinearlty 
of  the  indicating  system.  Calcxilation  of  the  flux  of  a property  from 
eqi’ation  (l)  calls  for  the  recording  of  the  vaidous  instrument  outputs, 
reading  from  the  charts  at  very  close  intervale  of  time,  conversion  of 
the  non-linear  indication  to  the  actual  value,  performing  the  trigono- 
metric resolution,  and  finally  the  multiplication  and  integration  in- 
dicated. If  one  is  seeking  the  contribution  of  eddies  of  0.1  second 
passage  time,  tills  process  must  be  repeated  each  0.05  second.  Evalua- 
tion of  even  a 5-i^nute  run  becomes  a sizeable  task. 

The  extreme  amomit  of  calculation  required  mal-ies  it  desirable  to 
use  some  fonu  of  automatic  calculation,  either  analog  or  digital^  to 
peiTnlt  somewhat  moi'e  extended  observations.  Digital  calculation  can 
cope  with  the  non-linearity  of  rapid  response  instruments,  but  the  prob- 
lem of  sufficiently  rapid  digitizing  of  all  the  quantities  has  not  yet 
been  met  by  simple  means.  Analog  computers  offei-  wore  promise  of  satis- 
factory performance  without  ruidue  complication.  Various  analog  methods 
have  been  adopted  to  linearize  the  indication  of  hot-wire  instruments. 
Parson  and  Bunker  (1952)  used  a servo-operated  cam  system,  while 
MacCready  used  a some -what  coiri)lex  electronic  system.  Neither  system  gave 
the  flux  without  further  computation. 

The  original  concept  of  the  instrument  to  be  described  arose  during 
a discussion  with  Professor  V.  E.  Suomi  of  the  University  of  V.'isconsin 
while  the  author  was  en^ployed  on  an  Air  Force  Cambridge  Research  Center 
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project  urder  Professor  Suoird.  Detailed  deve.lopmcnt  of  the  principles 
and  desirjn  of  tl.o  instnuient  OJ.d  contputers  v;ac  done  by  the  p/resent 
project. 

This  c.aer.oi.icter  system  vas  designed  to  opoi-ate  directly  with  an 
analog  ocruputei'  to  give  integrated  values  of  the  vei'tico.l  flux  of  heat, 
moisture,  and  ri;omotitur'..  It  is  intended  for  continuous  operation,  with 
average  values  of  the  fruxes  presented  perlodica?i.ly,  a?„thouGh  instantane- 
ous values  of  ariy  of  the  measm-ed  quantities  ai-e  readiij’-  available.  The 
aneinouetcr  offers  liuearit/  and  rvggediiess  in  return  for  some  increase 
in  complication  and  some  aucmailec  of  function  that  will  be  described 
later . 

II . Principle  of  Ope;’a.tion 

A.  Some  aei odynai.de  properties  of  the  cylinder 

Let  us  exoardne  some  of  the  aei'odynacdc  properties  of  the  circular 
cylinder,  if  a cylinder  be  pieced  in  a flow  v?ith  its  axis  peipendicular 
to  the  direction  of  flow,  it  can  be  shown  (Milne  - Thompson,  1950,  p.  152 ) 
that  the  pressui'e  distribution  about  the  cylinder  for  the  case  of  non- 
viscous  irrotational  flow  is 

p - jt  = 1/2  0 TJ^  (1  - 4 cln  ) (2) 

where  p is  the  pressure  at  the  surface  of  the  cylinder,  « is  the 
static  preocure^  pis  the  air  density,  U is  the  free-streaia  velocity, 
and  p is  the  angle  betv/ecn  the  radius  to  the  point  at  the  surface  and 
the  direction  of  the  flow. 

Observation  shows  (inline -Thompson,  1950.  p>  152)  that  in  real 
viscous  flows,  the  pressure  distribution  about  the  forward  part,  within 
about  of  the  flov;  direction,  approximates  the  theoretical  distribution. 
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The  pressure  distribution  ekoxs  little  ^’elation  to  the  theoretical  over 
the  rest  Ox  the  suiface  of  the  cylinder. 

If  the  axis  of  the  cylinder  be  inclined  to  the  direction  of  the 
flov;^  V7e  find^  in  theory,  that  the  flow  may  be  resolved  into  two  compo- 
nents.. one  elong  the  cylinder,  producing  no  cliange  of  pressure  at  the  cvir- 
face  of  the  cylinder^  the  other  perpendicular  to  the  cylinder,  producing 
the  pressure  distribution  of  eq,uation  (2)  but  with  U now  replaced  by 
: tiie  normal  component  of  flo^if.  While  experimental  data  is  not 
readily  available;  it  does  appear  that  this  resolution  is  achieved  with 
some  accuracy  over  the  region  of  validity  of  equation  (2),  particularly 
if  the  flow  strihes  the  cylinder  at  near  right  angles. 

B . The  Rotatin.g  /.rra 

Let  us  talce  a cylinder  such  as  w'e  have  described  and  rotate  it 
abcut  an  a;cis  to  the  axis  of  the  cylinder  (Figure  l).  Let 

the  axis  of  rotation  be  hoilzontal,  and  let  the  direction  of  the  mean 
v/iud  lie  in  the  plane  of  rotation  of  the  cylinder.  At  tine  t,  tlie 
Cyl  inder;  being  rotated  with  ang'JLLar  velocity  c.o>  tc  at  an  angle  0 to 
the  horizontal,  i.t  the  sauie  time,  the  projection  V of  the  vand  vector 
on  the  plane  of  rotation  males  an  angle  d i/ith  the  horizontal,  a 
being  positive  for  winds  with  an  upward  co’ripor.e.nt  ■ <■'.  small  pressure  hole 

is  located  on  the  leading  edge  of  the  cylinder  at  distance  R from  its 
aids  of  rotation. 

Lee  us  foi'  tl-.e  i..Oinent  ignore  winds  out  of  the  plane  of  rotation 
of  t;-e  c./linder.  In  Figure  1,  the  con^onent  of  the  wind  normal  to  the 
cylindei’  is 

Vn  = V oin(0  - a)  (j) 

- - 
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FIGURE  I 


ROTATING  ARM  ANEMOMETER 

SCHEMATIC 


If  v;e  let  0 = 4)L/t(arm  horizontal  at  t = O)^  the  pressure  on 


the  hole  will  be  given  by 

2 -.2 
p — (cot  -c<)J  = 

- 2«(jRV  sin  esc  cos  ujt  + 2loRV  coa  oc  sin  <>ot  + 

2 ~ 2 Soccos  2 cut  - ~ sin  2ocsin  2 cot  (4; 

It  will  be  noted  that  aside  from  non-periodic  terms,  first  and 
second  harmonic  terms  are  present,  the  first  harmonic  terms  linear  in 
V,  the  second  harmonic  quadratic.  It  is  of  interest  to  note  tlaat  the 
first  harmonic  is  a linear  measure  of  wind  speed;  it  is  from  this  that 
the  power  of  this  method  is  derived. 

The  pressure  present  at  the  presstare  hole  may  be  piped  down  hollow 
shafting  and  converted  to  an  alternating  voltage  by  an  appropriate  pressure 
transducer.  Some  attention  must  be  paid  to  the  ducting  to  avoid  attenua- 
tion of  the  pressure  wave.  Since  the  pressure  hole  is  necessarily  small, 
it  is  essential  that  the  amount  of  air  movement  through  the  hole  be  kept 
as  slight  as  possible  to  prevent  serious  pressure  drops  at  that  point. 

Tills  is  acconpllshed  principally  by  the  use  of  a transducer  with  a stiff 
diaphragm.  Compressibility  effects  are  negligible  unless  the  ducting  has 
large  volume.  Resonance  is  avoided  by  keeping  the  duct  shorter  than  a 
quarter-wave  organ  pipe  of  the  highest  frequency  to  be  measured. 

Tne  voltage  output  of  the  transducer  will  be/(  p,  where  ^ is  the 
appropriate  factor  of  proportionality. 


C.  Obtaining  the  v/ind  velocity 

A nmber  of  methods  may  be  used  to  recover  the  wind  velocity-. 
Filtering  is  the  most  obvious,  but  does  not  easily  permit  the  recovery  of 
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the  argle  of  the  vind.  The  method  chosen  here  is  phase  rectification, 
which  makes  use  of  the  familiar  orthogonality  principles; 

(^) 

sin  at  sin  bt  dt  = /cas  at  cos  bt  dt  = 0 (a  / b) 

'T'-)  COj 


and 


sin  at  cos  bt  dt 


liim 


sin^at  dt  = 


2 -L 

at  dt  - 2 


(6) 


oo 

O 

so  that  if  we  multiply  p from  (3)  electrically  by  sin  u/t  end  obtain 
an  average,  we  have 


-'T 


^ I 

sinut  dt  = •.uP.(Vaosc<.) 


(7) 


o 


The  approximation  injiroves  with  increase  of  averaging  time  ■y',  but  if  the 
specti-a  of  V and  esc  do  not  contain  significant  harmonic  components  of 
frequency  , the  appioxlmation  is  excellent  after  a very  few  cycles. 

The  quantity  V ooso<  will  be  recognized  as  the  horizontal  com- 
ponent of  the  wind  velocity  in  tiie  pl.ane  of  rotation  of  the  cylinder.  If 
we  multiply^  p by  cos  40 1 and  integrate,  we  have 

.-r 


1 /yuP  cos  «A<t  dt ^ ^^coH(V8in  rtf, ) 


(8) 


where  the  que.ntity  V sin  oC  is  the  vertical  component  of  the  wind  velocity. 
The  horizontal  ai.d  vertical  components  may  be  separately  recorded. 

D.  The  Shearir.f,  litres s 

A rather  surprising  featirre  of  the  instrument  appears  if  we  iso- 
late the  second  haimonlo  component  of  the  pressui'e  signal  by  multiplying 

by  sin  2 tut  and  averaging; 

'T 


sin  2u>t  dt  ^ sin  2 oc 
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(9) 


P P 

Since  V sin  2e<=  2 V sin  ©«.'  cos  ©<, 


t/;. 


P cin  2 c«J  t dt  = - 2/t/o(V  Bint 


[V  cos 


^finxw  (10) 


where  .^uw  will  be  recognized  as  the  shearing  stress  or  the  vertical 
flux  of  horizontal  ciementian.  Because  of  calibration  difficulties,  this 
relation  has  not  yet  been  e^qjloited,  but  it  is  planned  to  do  so  at  the 
earliest  opportunity. 


E.  Effect  of  cross  \d.nd 

Tnus  fell’  it  has  been  assumed  that  the  wind  is  in  the  plane  of  ro- 
tation of  the  cylinder.  In  general,  the  wind  t-ri.!!  have  an  additional 
coif^oncnt  pcrpendiciHar  to  the  plane  of  rotation.  It  would  be  desirable 
that  the  instrument  ignore  this  con^jonent,  so  that  direct  readings  of  u 
end  w may  be  obtained.  It  can  readily  be  seen  that  this  condition  would 
be  satisfied  if  equation  (2)  read 

- jt  = P 

This  differs  from  equation  (2)  by 


or  fractionally. 


p'  = . t sin^  P 


= -3  tan  p 


i3  has  its  maximum  value  when  the  cylinder  is  retreating  with  the 


'■an  = 


• UJCfcA  n \T 

caj*  R - V 

where  v is  the  cross -component  of  the  wind,  the  other  notation  as  before. 
The  mlnimvmi  value  is  found  where  the;  cylinder  is  advancing  into  the  wind 


Pmin  = 


cuR  + V 


It  will  be  seen  that  this  varying  p gives  rise  to  a spurious 


presijxire  alternation  of  amplitude  approximately 

yS  v2 


p'  = 

4 


( 


(^(JR  - V)2  + (ot*R  + v)2  + v2 


cuR 


“• 

V - 
( 


J (16) 

and  of  the  same  phase  (but  opposite  sign)  as  the  first  harmonic  /«9u>RV. 

In  a typical  case^  we  may  take 

Vynpv  = 0.  3 V (Friedman,  1953)  (l?) 

Then  the  bracketed  quantity  in  equation  (l6)  has  the  value  .053 > 
corresponding  to  a decrease  in  instrument  response  of  some  5?^. 

While  this  quantity  is  by  no  means  insignificant,  it  cannot  be  con-, 
sidered  as  a source  of  major  error. 


F.  Conclusion 

It  xftll  be  seen  from  the  foregoing  that  the  principle  of  operation, 
while  perhaps  somewhat  involved  trigonometrically,  is  reasonably  straight- 
forward. Perhaps  the  most  attractive  feature  of  the  instrument  is  its  en- 
forced linearity  of  operation;  any  non-linearity  appearing  at  any  point  in 
the  alternating  pressure  or  voltage  system  appears  as  a higher  hazmonlc, 
and  is  rejected  by  the  rectification  system.  Tests  of  the  system  have 
shown  such  false  hlglier  harmonics  to  be  Insignificant  in  magnitude. 


III. 


Mc^chardcal  Features 


The  first  riodel  of  t’lie  resolving  anemoraoter , which  forms  the  subject  of 
tlds  report,  was  rather  elementary  in  construction  and  perhaps  somewhat  crude. 

It  consisted  of  an  angle  iron  framework  supporting  the  rotating  arm 
raochtmisra  at  120  cm  fron  the  ground.  It  was  oriented  into  the  mean  wind  by 
hai;d.  The  mechanism  was  designed  to  rotate  a short  arm  at  1500  iT-n.  This 
relatively  high  rate  of  rotation  was  chosen  because  of  the  convenience  of  the 
25  cycles  per  second  frequency  produced  and  because  of  the  availability  of 
standard  25  and  50  cycle  components  for  con^jutational  use. 

Details  of  construction; 

(1)  A hollcv?  shaft  (one -half  inch  outside  diameter)  supported  by  bear- 
ings at  each  end.  ;ri.th  provision  for  mounting  the  rotating  arm  at  the  center 
of  the  shaft . 

(2)  One  of  the  bearings  forms  a rotating  shaft  seal  to  permit  trans- 
mission of  the  pressure  to  a stationary  pressure  transducer. 

(5)  Drive  sliafting  and  gearing  to  permit  rotation  of  the  shaft  by  a 
rather  bulky  uotesr  without  intorferenoe"  with  the  air  stream.  The  right- 
angle  gearing  was  through  unenclosed  spiral  ndter  gears,  speed  reduction  at 
the  motor  through,  unenclosed  fiber  and  steel  spur  gears . Rates  of  rotation 
were  somewhat  excessive  for  this  type  of  gearing,  and  it  was  found  impossible 
to  keep  e.'en  special  ccrn-picher  grease  on  then.  As  a result  they  howled 
distressingly,  although  vrear  did  not  seem  serious. 

(4)  Generator  to  produce  the  necessary  reference  voltage  at  phases 
fixed  vrlth  respect  to  the  position  of  the  rotating  arm.  An  Electric 
Indicator  Co.  type  F-16  A-C  rate  generator  was  used,  providing  two  alter- 
nating voltages  of  excellent  harmonic  purity  and  qirLte  accurately  in  quad- 
rature with  each  other.  This  was  geared  to  the  drive  motor  to  produce  a 


frequency  of  25  cycles  per  second.  Provision  was  made  fOJ’  rotational 
adjustment  of  the  body  of  the  generator  to  permit  accurate  phasing. 

(5)  Drive  motor,  Bodine  synchronous  type  IJSY-55i  1/8 
synchronous  motor  was  chosen  to  permit  accurate  maintenance  of  rate  of 
rotation,  so  that  calibration  would  be  as  stable  as  possible  and  rotational 
transients  would  be  minimized.  The  synciironous  motor  is  considerably  buUiier 
than  an  ordinary  A-C  motor  of  the  same  power,  and  somewhat  noisier. 

(6)  Prassui'e  transducer,  Statham  Laboratories  Model  P58-0.15D-1400, 
chosen  for  its  sensitivity  and  its  high  resonant  frequency  (275  cps)>  which 
permits  it  to  follow  the  relatively  high  frequency  alternating  pressure 

{25  and  50  cps)  without  r.tte..iuation  or  distortion.  The  transducer  was 
shockmounted  together  with  its  prean^lifier  and  connected  to  the  rotating 
pressure  joint  by  a short  length  of  stiff  plastic  tubing.  The  total  pneu- 
matic circuit  was  about  40  cm  in  length,  which  coaipares  quite  favorably  vd.th 
the  l56  cm  lengtii  of  a 50-cycle  l/k-wave  organ  pipe. 

(7)  The  rotating  arm  itself.  A number  of  different  configurations 
were  tried,  but  none  seemed  any  more  effective  than  a simple  cylindrical 
tube  of  3/16  inch  outside  diameter,  15  cm  in  length,  v;ith  a .04-5  inch  hole 
drilled  about  12  cm  from  the  axis  of  rotation.  This  produced  a circum-  ’ 
ferential  speed  of  the  pressure  hole  of  just  under  20  m /second  at  a rota- 
tional rate  of  25  rps. 

The  total  ensemble  was  somewhat  bulky  and  distinctly  noisy  in 
opei'ation.  Aua  improved  model,  under  construction  at  the  time  of  this  report, 
will  have  better  characteristics. 

IV.  Electronic  Circuit  rv 

A wide  range  of  electronic  circuits  may  be  used,  probably  with  equal 
success,  to  reduce  the  electrical  output  of  the  pressure  transdvicer 

- 10  - 


(equation  If)  to  the  desired  form  for  recording.  Each  must  perfoi-m  the 
folloviiig  operations : 

(1)  Aiupiification  of  the  relatively  weak  signal  from  the  pressure 
transducer . 

(2)  Phase  demodulation.  This  is  essentially  multiplication  by  the 
appropriate  trigonometric  function.  (See  equation  (?))• 

(3)  Intogratlon.  This  may  be  an  actual  integration^  but  resistance- 
capacitance  pseudo-integration  is  far  more  convenient  for  puipioses  of  in- 
dication. The  time  constant  of  the  resistance-capacitance  integrator  estab- 
lishes the  effective  time  constant  of  the  instrument. 

All  circuits  that  have  been  used  iu  this  first  model  are  quite 
standard  and  -.rill  not  be  reproduced  here.  Figure  2 gives  a block  diagram 
of  the  system. 

The  pressiure  transducer  is  of  a strain-gauge  bridge  type,  producing 
a signal  of  the  oixier  of  a few  millivolts.  Ao^plifi cation  brings  it  up  to  a 
fev;  volts  amplitude. 

The  pliase  rectifiers  chosen  were  of  the  tj^se  using  addition  of 
voltages  at  the  grids  of  a pair  of  push-pu.ll  cathode  follovers . This  type 
of  rectifier  multiplies  the  input  signal  by  what  is  essentially  a square 
wa%e  rather  than  by  a sine  fmiction.  A square  '.reive  is  composed  cnlj’-  of 
odd  liarmonics^  so  that  there  Is  nothing  in  the  input  signal  ttiat  will  pro- 
duce spurious  response.  Any  odd  harmonics  generated  by  harmonic  distortion 
in  the  tx'anoducer  or  amplifier  will  be  recovered  at  this  point. 

The  phase  rectifiers  contain  as  an  integral  part  the  resistance- 
caT)acitance  network  tliat  produces  pseudo-integration  (a  running  meaning 
process).  Time  constants  were  set  at  0.5  seconds  to  produce  a reasonably 
smooth  record  on  the  recorder  used.  Tnis  relatively  large  time  constant 
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is  a matter  of  convenience  rather  than  of  necessity;  it  represents  12.5 
cycles  at  25  cpSj  which  is  probably  moie  than  enough  to  malre  the  approxi.- 
mation  of  equation  (7)  excellent  for  most  atmospheric  conditions. 

A two-Gfie.niiel  Brush  recorder  was  used  to  produce  a graphic  record 
with  1 cm  of  chait  length  representing  one  second.  The  speed  of  response 
of  the  recorder  is  so  high  that  it  does  not  add  appreciably  to  the  time 
constant  of  the  system.  Appropriate  scaling  voltage  dividers  were  intro- 
duced eari.ier  in  the  system  to  expand  the  scale  of  the  vertical  component 
relative  to  that  of  the  horizontal. 

Isolating  amplifiers  with  negligible  phase  shift  were  introduced 
between  the  reference  voltage  generator  and  the  piiase  rectifiers  lai-gely 
as  a precautionary  measure. 

Once  the  few  initial  "bugs"  were  removed,  the  electi'ordc  system 
perfoiTned  fairly  satisfactorily. 


V . Perfonnar.ee 

A . Genei'al. 

■■  I 

The  basic  .instr;ir;ie:it  v/as  tested  at  the  Air  Force  Ceiibridge  Research 
Center’s  Great  Plains  Turbulence  Field  Progran,  held  at  O’Neill,  Nebraska, 
duz'ing  August  and  the  eai'ly  part  of  September  1953 • It  functioned  approxi- 
mately as  calc-olated  under  all  tut  light  wind  conditions,  V7hen  the  rotating 
am  cet  a circulation  that  gave  completely  spurious  results. 

Figure  5 shows  a short  length  of  the  record  obtained  with  the 
instrument.  Tlie  excellent  time  resolutions  will  be  noted,  as  well  as  the 
relatively  open  scale  for  the  vertical  velocity. 

Actual  operation  of  the  inatmment  vas  somewhat  more  conrolex  than 
had  been  originally  hoped.  It  was  found  that  the  D-C  output  of  the  phase 
rectifiers  had  a strong  tendency  to  drift  in  spite  of  the  relatively  high 
levels  at  which  they  were  opei'ated.  This  necessitated  freqpent  zeroing 
of  the  apparatus.  The  phase  rectifiers  occasionally  overloaded  on  strong 
transients  and  would  give  obviously  spiu’ious  indications  until  they  had 
recovered  from  the  overload.  This  prevented  operation  at  ax^yi/here  near 
f''ll-3cale  of  the  recorder,  and  required  frequent  reuige-swltching  as  wind 
velocities  and  tua'bvilence  increased  or  decreased. 

B.  Light  Winds 

Operation  in  light  winds  set  up  a whirl  about  the  rotating  arm 
that  gave  a record  suggesting  the  wind  approaching  the  instrument  at  some 
angle  to  the  horizontal.  For  not-too-light  winds,  this  angle  was  not  too 
great,  and  could  falrlj'’  well  be  coapensated  for  by  a slight  rotation  of 
the  phase  of  the  refei'enoe  voltages.  However,  it  is  felt  that  this  pro- 
cedure has  little  to  recommend  it,  as  it  is  not  known  to,  what  extent  this 
may  distor-t  the  record. 
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A SAMPLE  RECORD  - FIGURE  3 


Figure  4 shows  the  apparent  e.ng3.e  of  the  v;ind  four.id  for  a ilk" 
diameter  cyliridilcal  arm.  Data  aie  not  yet  available  to  indicate  the 
relation  of  cylinder  diameter  to  this  effect.  /Vs  a rough  estimate,  it 
might  be  anticipated  that  it  \d.ll  be  in  proportion  to  the  diameter  and 
vjovld  be  reduced  for  a streamlined  profile. 

C.  Comparison  with  other  Instruments 

Unfortunately,  it  was  not  possible  to  malce  a side-by-side  comparison 
of  the  output  of  the  rotating  arm  anemometer  with  another  instrument  measur- 
ing the  same  quantities.  -\n  attempt  was  made  to  cortqpare  it  with  the  Sonic 
/Vnemoneter  of  Prof.  Suomi  of  the  University  of  Wisconsin,  but  because  of 
dissimilar  presentations  of  data,  only  very  general  agreement  could  be 
established. 

The  observations  made  at  O’Ueill  will  be  the  subject  of  another 

repoi’t . 

VI.  Proposed  Further  Development 
A.  Flruoneter 

The  circuit  of  Figure  2 may  be  expanded  i/ithout  great  increase  of 
conplejdty  to  that  of  a flu:mieter  for  the  measurement  of  the  vertical  fl\ix 
of  heat  or  moisture.  In  this  case,  multiplication  of  the  velocity  by  the 
teriperature  or  by  the  mixing  ratio  may  be  accomplished  by  passing  the  signed, 
from  th.e  transducer  tlnrough  an  appropilate  I'esistar.ce  bridge  circuit  before 
phase  demodulation. 

B-  Courter-rotating  Am  System 

Design  calculations  indicate  that  much  of  the  error  resxdting  from 
the  circuiauion  caused  by  the  arm  in  low  wind  speeds  can  be  avoided  by 
building  the  instrument  vrith  two  counter-rotating  arms,  the  difference  in 
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pressure  between  the  t'..’o  leading  edges  being  measured.  The  signal  corre- 
sponding to  the  horizontal  velocity  is  cancelled  out,  howe/er.  This  causes 
some  loss  of  general  utility,  but  is,  if  anything,  desirable  for  use  of  the 
ir.stru,",ient  as  a '-crtical  fluxmeter.  CanoeD.lation  of  the  relatively  large 
horizontal  signal  pern^ts  greater  accuracy  in  the  handling  of  the  vertical 
ccnpcncnt.  It  is  found  that  the  only  other  signal  retained  after  cencel- 
lation  is  that  of  the  shearing  stress  (see  equation  (lO)),  which  should  be- 
come quite  manageable.  Such  a counter-rotating  aiT.i  system  \d.th  associated 
gearing  and  pressm'e  ducting  is  under  construction. 

VII.  Concluding  Remarhs 

The  rotating  arm  anemometer  as  presented  here,  u'hile  not  a finished 
instrument,  shows  enough  promise  of  becoming  a useful  addition  to  the  in-  - 
6tr.mie:itation  of  micrometeorology  to  justify  the  further  development  out- 
lined above . 

Perhaps  its  greatest  utility  may  come  in  introducing  a somev:hat  new 
concept  in  m.eteoi'oiogicel  instrumentation  - that  of  rotating  a sensing 
element  in  a fie.ld  of  a variable.  A fairly  obvious  ejiample  is  the  rotation 
of  a thermal  element  in  a large  vertical  circle  to  measure  the  vertical 
gradient  of  temperature.  The  use  of  a single  element  eliiidnates  many  of 
the  difficulties  frequer.t].y  encountered  vrLth  this  measurement. 

It  is  believed  that  the  coiT5:let2d  flujcaeter  assembly  will  be  capable 
of  amassing  large  quantities  of  useful  data  in  easily  assimilable  fona.  If 
its  operation  can  be  reduced  to  a fairly  sirr^ile  routine,  it  may  become  of 
considerable  utility  in  general  microioetsorological  research. 
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